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(54) A heating element with a diamond sealing material 



(57) A substrate support plate including a heating 
element (24) for use in a process chamber is described. 
The heating element includes an outer sheath (30). a 



heating filament (32) and a thermally-conductive and 
electrically insulative sealing material (34). The sealing 
material comprises a diamond powder. 
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Description 

The presenl invention relates generally to a heating 
element, and more particularly to a healing element dis- 
posed in a support plate for heating a substrate in a 5 
processing chamber. 

A susceptor is a mechanical pan that holds a sub- 
strate in a processing chamber for a fabrication step, 
such as chemical vapor deposition (CVD). The suscep- 
tor includes a subsuate support plate mounted on a 10 
stem along with a lift assembly for raising and lowering 
the substrate within the processing chamber The sub- 
strate support plate is heated to facilitate the fabrication 
process Typically, a heating element is disposed within 
the support plate. The heating element maybe a tube '5 
assembly which includes a heating filament surrounded 
by an outer shealh. The space between the heating fil- 
ament and the outer sheath may be filled by a sealing 
material. 

Heat density refers to the amount of heal which is 2° 
generated by a heating element over a given length of 
the element. Power density is a related concept which 
refers to the amount of power (in watts) which is dissi- 
pated over a given length of the element. Heating ele- 
ments having high heat and power densities arc prefer- 2S 
able in substrate fabrication processes to minimize the 
area of the support plate occupied by the heating ele- 
ment, while still enabling adequate heating of a sub- 
strate 

To achieve high heat and power density perform- 30 
ance for the heating element, the sealing material 
should efficiently transfer heat from the filament to the 
outer sheath: that is, the sealing material should be ther- 
mally conductive. However the sealing material should 
also be electrically insulative to prevent a short circuit 35 
between the heating filament and outer sheath. The out- 
er sheath of the heating element may be constructed of 
a metal such incoloy. which is an alloy primarily com- 
posed of iron, nickel and chromium manufactured by 
The International Nickel Co. ; Inc. The sealing material 
may be magnesium oxide (MgO) or boron nitride (BN). 

The susceptor plate undergoes heating and cooling 
each time a substrate is processed in the chamber This 
repeated heating and cooling subjects the sealing ma- 
terial to considerable thermal stresses. The shock of re- *s 
peated thermal stresses may reduce the thermal con- 
ductivity or increase the electrical conductivity of the 
sealing material. If the theimal conductivity of the seal- 
ing material decreases, heat will accumulate in the fila- 
ment. As a result, the filament may burnout or the sus- so 
ceptor may be not adequately heated If the electrical 
conductivity of the sealing material increases, then there 
may be a short circuit between the filament and the outer 
sheath. Thus, the sealing material should be resistant 
to thermal shock so that the heating element has a long 55 
lifetime. 

In general, in one aspect, the invention is directed 
loa healing element The heating element has a heating 



filament a sheath surrounding the heating filament, and 
a sealing material disposed inside the sheath to conduct 
heal from the filament to the sheath. The sealing mate- 
rial contains a diamond powder 

Implementations of the invention may include the 
following. The sealing material may also include a filler 
material, such as magnesium oxide or boron nitride. The 
diamond powder may have a particle size of about five 
to fifty microns or fifteen to thirty microns. The diamond 
powder may have a particle size selected to provide the 
sealing material with a thermal conductivity of several 
hundred watts per meter per degree Kelvin and an elec- 
trical resisiivity of about 10 1 6 . The diamond powder may 
have a particle size selected to provide the sealing ma- 
terial with a thermal conductivity and an electrical resis- 
tivity greater than those of a ceramic material. The 
sheath may be electrically conductive. 

In general, in another aspect, the invention is direct- 
ed to a substrate support structure tor use in a process- 
ing chamber The substrate support structure includes 
a plate having a top surface for supporting a substrate, 
and a heating element in the plate. The sealing material 
in the heating element contains a diamond powder. 

Among the advantages of the invention are the fol- 
lowing. A substrate support plate is provided with a heat- 
ing element having a long lifetime. The heating element 
includes a sealing material which is which is thermally 
conductive, electrically insulative, resistant to thermal 
shock, and chemically inert. The heating element as- 
sures proper heat dissipation for high heat and power 
density applications. The particle size ol the diamond 
powder may be selected to provide desired thermal and 
electrical properties. 

Additional advantages of the invention will be set 
forth in the description which follows and in part will be 
obvious from the description, or may be learned by prac- 
tice of the invention. The advantages of the invention 
may be realized and obtained by means of the instru- 
mentalities and combinations particularly pointed out in 
the claims. 

The accompanying drawings, which are incorporat- 
ed and constitute a part of the specification schemati- 
cally illustrate the invention and. together with the gen- 
eral description given above and the detailed descrip- 
tion given below, serve to explain the principles ol the 
invention. 

FIG. 1 is a cross-sectional view of a CVD process- 
ing chamber 

FIG. 2 is a lop view of a substrate support plate ac- 
cording to the present invention. 

FIG. 3 is a cross-sectional view along line 3-3 of 
FIG. 2. 

FIG. 4 is a cross-sectional view of a susceptor used 
in the CVD processing chamber of FIG. 1. 

FIG. 5 shows the electrical connections to a heating 
element used in the substrate support plate of FIG. 4. 

The present invention' is directed to an improved 
healing element for use in a substrate support plate. In 
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the implementation described below, the support plate 
is used in a CVD chamber However, the invention is 
also applicable to other sorts of processing chambers. 
For example, the invention may be used in chambers 
which carry out rapid thermal processing or physical.va- 
por deposition. Many ot the details described are spe- 
cific to the implementation descnbed and may be 
changed as known by those skilled in the art. 

CVD is a process to deposit a thin film layer onto a 
substrate. The term "substrate" broadly covers any ob- 
ject that is being processed in a process chamber. The 
term "substrate" includes, tor example, semiconductor 
wafers, flat panel displays, glass plates or disks, and 
plastic workpieces. 

In general, the substrate is supported in a vacuum 
deposition process chamber, and the substrate is heat- 
ed to several hundred degrees Centigrade. Deposition 
gases are injected into the chamber and a chemical re- 
action occurs to deposit a thin film layer onto the sub- 
strate. The thin film layer may be a dielectric layer (such 
as silicon nttnde ot silicon oxide), a semiconductor layer 
(such as amorphous silicon) or a metal layer (such as 
tungsten). The deposition process may be plasma en- 
hanced or thermally enhanced. 

As shown in FIG. 1 . a CVD apparatus 1 30 includes 
a susceptor 135 having a substrate support plate 20 
mounted on a stem 137. The susceptor 135 is posi- 
tioned within a vacuum deposition process chamber 

133 An upper face 22 of the support plate 20 supports 
a substrate, such as a glass panel or semiconductor wa- 
fer (not shown), in a substrate processing or reaction 
region 141. A lift mechanism mot shown) is provided to 
raise and lower the susceptor 135. Lift pins (not shown) 
may pass through lift pin holes 162 in the support plate 
20 to facilitate the transfer of substrates into and out of 
the chamber 133 through an opening 142 in a sidewall 

1 34 of the chamber 1 33 by a robot blade (not shown). 
Deposition process gases (indicated by arrow 1 23) 

flow into the chamber 1 33 through an inlet manifold 1 26. 
The gases then flow through a perforated blocker plate 
124 and holes 121 in a process gas distribution face- 
plate 1 22 (indicated by small arrows in the substrate 
processing region 141 of FIG. 1). The upper face 22 of 
the support plate 20 is parallel and spaced -closely to the 
faceplate 1 22. A radio frequency (RF) power supply (not 
shown) may be used to apply electrical power between 
the gas distribution faceplate 1 22 and the susceptor 1 35 
so as to excite the process gas mixture to form a plasma. 
The constituents of the plasma react to deposit a desiied 
film on the surface of the substrate on the support plate 
20. 

The deposition process gases may be exhausted 
from the chamber through a slot-shaped orifice 131 sur- 
rounding the reaction region 141 into an exhaust plenum 
1 50. From exhaust plenum 1 50, the gases flow by a vac- 
uum shul-ort valve 152 and into an exhaust outlet 154 
which connects to an external vacuum pump (not 
shown) 



Referring to FIG. 2. a. top view of the substrate sup- 
port plate 20 is shown. As noted, the support plate 20 
includes an upper face 22 for supporting a substrate 10 
(shown in phantom) in the vacuum deposition process 
5 chamber. The support plate 20 may be a rectangular 
shaped body fabricated of high purity 100. 1 grade, una- 
nodized. cast aluminum. An outer heating element 24 
and an inner heating element 26 (both shown in phan- 
tom) are disposed beneath the surface 22 of the support 
plate 20. For ease of understanding, the heating ele- 
ments are shown in FIG. 2 even though they are located 
beneath the top surface 22 and would not be visible. 

The heating elements 24 and 26 may provide dual 
and generally parallel loops. This dual loop pattern pro- 
vides for a generally radially-symmetric temperature 
distribution across the support plate 20. while allowing 
for greater heat losses at its outside surfaces. Other 
heating element configurations, ot course, are possible. 

Heating elements 24 and 26 are identical in con- 
struction, and only differ in length and positioning in the 
support plate 20. Accordingly, a description of the struc- 
ture of only one heating element is provided. 

Referring to FIG. 3. the heating element 24 includes 
an electrically-conductive outer sheath 30, a heating fil- 
ament 32 and an clcctrically-insulativc and thermally- 
conductive sealing material 34 disposed therebetween.. 
In operation, the sealing material 34 prevents the bum- 
out or short-circuiting of the heating filament 32 by pro- 
viding a thermally-conductive but electrically-insulative 
filler between the filament 32 and the outer sheath 30. 
Heat from the filament 32 is conducted by the sealing 
material 34 to the outer sheath 30. and heat from the 
outer sheath is conducted tc the support plate 20 to heat 
a substrate supported thereon. Any breakdown in the 
thermal path between the outer sheath 30 and the heat- 
ing filament 32 of the heating element may result in the 
over-heating and burn-out of the heating filament 32. 
Such a breakdown may also prevent adequate heating 
of the susceptor and substrate. Any breakdown in the 
electrical insulatrve properly ot the sealing material 34 
may result in a short-circuit between the filament 32 and 
the outer sheath 30. 

The outer sheath 30 may be constructed of a ther- 
mally and electrically conductive material, such as a 
metal. Specifically, the outer sheath 30 may be stainless 
steel or incoloy. The filament 32 may be constructed 
Irom a nichrome wire, which is a composite of nickel and 
chromium. The sheath 30 may have an outer diameter 
D which may be about 0.220 to 0.314 inches. 

In one embodiment, the sealing material 34 is com- 
posed of substantially pure diamond powder. The dia- 
mond powder may be an industrial grade diamond ma- 
terial, available from, tor example. Beta Diamond Prod- 
ucts, of Yorba Linda, California. Tne diamond powder 
may be composed of particles having an average parti- 
cle size between about five and fifty microns. Most of 
the particles may have a particle size of about fifteen to 
thirty microns. Such a diamond powder has an expected 
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thermal conductivity of several hundred watts per meter 
per degree Kelvin (watts/m-K 0 ) In comparison, magne- 
sium oxide has a thermal conductivity of two to five 
watts/mK° In addition, a diamond powder of this gran- 
ularity has an expected electrical resistivity of about 
10 1 6 ohm-cm. which is about ten times higher than most 
ceramic materials. It is expected that a larger average 
particle size would increase the thermal and electrical 
conductivity of the diamond powder Conversely, a 
smaller average particle size would decrease the ther- 
mal and electrical conductivity of the diamond powder. 
Thus, the particle size of the diamond powder may be 
selected to provide a thermal conductivity and an elec- 
trical resistivity higher than those of prior ceramic mate- 
rials such as magnesium oxide or boron nitride. Finally, 
diamond powder is chemically inert, extremely hard, re- 
sistant to thermal shock, and does not sinter under high 
pressures and temperatures. 

The high thermal conductivity of the diamond pow- 
der sealing material 34 permits the heal generated by 
the filament 32 to be efficiently tiansfeired to the outer 
sheath 30 and thence to the support plate 20. Therefore, 
the filament 32 may be operated at a much lower tem- 
perature, as compared lo a heating element using a ce- 
ramic scaling material, such as magnesium oxide, and 
still achieve the same temperature in the outer sheath 
30. For example, in a heating element using diamond 
powder as the sealing material 34. to heat the outer 
sheath 30 lo about 700° C. the filament 32 needs to be 
operated at about 750-775°C In comparison, in a heal- 
ing element of approximately the same size and config- 
uration, using magnesium oxide sealing material, to 
heat the outer sheath to 700°C. the filamentneeds to 
be operated at about 1 400-1 500°C. Thus, the diamond 
powder permits the filament 32 to be operated at a much 
lower temperature. This reduces the thermal shock to 
the filament and the sealing material, while increasing 
the lifetime of the heating element. 

The heating elements 24 and 26 with a diamond 
powder seating material may be constructed according 
to conventional techniques. In brief, a filament is posi- 
tioned in the center of an empty sheath. One end of the 
sheath is sealed, a sealing material is poured into the 
sheath, and the assembly is shaken to.settle the sealing 
material. Then the other end of the sheath is sealed, and 
the assembly is drawn through a set of pressurized roll- 
ers to compact it. Finally, the heating element is bent 
into the desired shape. 

In another embodiment, the sealing material is com- 
posed of a mixture of a diamond powder and a filler ma- 
terial. The filler is preferably a ceramic material such as 
magnesium oxide or boron nitride. The filler material 
may be less than half of the total weight of the scaling 
material. The filler material may be sintered during the 
assembly of the heating element. 

Referring to FIGS. 3 and 4. the support plate 20. as 
noted, is attached to the stem 1 37 of the susceptor 1 35 
The support plate 20 includes a top plate 40. a base 



plate 42, and a braised region 44 therebetween. Dis- 
posed in the support plate 20 between the top plate 40 
and base plate 42 are the heating elements 24 and 26 
(see also FIG. 2). 
s The stem 1 37 includes a hollow core and is config- 
ured to mate with the base plate 42 of the support plate 
20. A vacuum tight joint 85 is made such that the inside 
of the hollow core is at ambient (atmospheric) pressure. 
Four heating element tubes 50 (only one is visible 
io in FIG. 4) are disposed within the hollow core of the stem 
137. Each heating element tube includes a conductive 
lead wire 52 (again, only one is visible in FIG. 4) for at- 
tachment to an end of a filament of a heating element. 
In addition, the stem 1 37 holds two grounding wires 56 
is (see FIG. 5) for attachment to the outer sheath 30 of 
each heating element. The heating element tubes 50 
are terminated at the end of the stem 1 37. and the lead 
wires 52 are connected to a heater controller 54 (see 
FIG. 5). which in turn powers the heating elements and 
monitors the temperature of the support plale. 

Referring to FIG. 5 : the two lead wires 52 tor each 
heating element are connected to the heater controller 
54 to run a current through the filament 32. In addition, 
the ground wire 56 is connected to a ground 58 to 
ground the sheath 30. The grounded outer sheath 30 
prevents the current flowing through the filament 32 
from disturbing any plasma in the substrate processing 
region. 

Referring to FIGS. 3 and 5. the top plate 40 and the 
base plate 42 each include first and second semi-circu- 
lar grooved regions or channels 60 and 62. respectively, 
to receive the heating elements 24 and 26. To assemble 
the support plate 20, the heating elements are placed 
into the channels 62 in the base plate 42. The ends of 
each filament 32 are connected to the conductive lead 
wires 52 by a cold junction located approximately at the 
line shown by reference numeral 28 (see FIG. 2). At this 
boundary, the filament 32 of each heating element is 
bonded to each lead wire 52 so that the center of the 
support plate 20 is not directly heated, and the outer 
sheath 30 of each heating element is bonded to one of 
the heating element tubes 50. A brazing material 44 is 
disposed on the base plate 42, and the top plate 40 is 
placed onto the base plate 42 so that the heating ele- 
ments fit into the grooves 60 in the top plate 40. Finally, 
the assembly is braised to join the top and base plate 
portions. Alternatively, the brazing material 44 may be 
eliminated and the base and lop plates may be joined 
by welding. 

Returning to FIG. 2. in one embodiment, the support 
plate 20 is rectangular in shape, and has a width of about 
26.26 inches and a length of about 32.26 inches. This 
allows for the processing of a glass substrate for flat 
panel displays up to 570mm x 720mm in size. The heat- 
ing elements 24 and 26 may be located about 1.5 in. 
(38. 1 mm) from the upper surface 22 of the support plate 
20 In this embodiment, the outer heating element 24 is 
run at approximately 0 66 in from the outer edge of the 
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base plate, while the inner heating element 26 is run at 
approximately 7 75 in from the outer edge This config- 
uration provides for uniform heating of a substrate 
placed on the support plate 20. 

In summary, a substrate support plate includes a 
healing element. The heating element uses diamond 
powder as a sealing material between the filament and 
the outer sheath. 

While the present invention has been described 
with reference to a specific embodiment, the description 
is illustrative of the invention and is not to be construed 
as limiting. Various modifications may occur to those of 
ordinary skill in the art without departing from the true 
spirit and scope of the invention as defined by the ap- 
pended claims. 



Claims 

1. A healing element comprising. 



provide the sealing material with a thermal conduc- 
tivity and an electrical resistivity greater than those 
of a ceramic material 

5 10. The heating element of any of claims t to 9, wherein 
the sheath is electrically conductive. 

11. A substrate support structure for use in a process- 
ing chamber, comprising: 



a plate having a top surface for supporting a 
substrate; and 

a heating element in the plate, the heating ele- 
ment including a heating filament, a sheath sur- 
ts rounding the heating filament, and an electri- 

cally tnsulative sealing material comprising a 
diamond powder disposed between the sheath 
and the heating element to conduct heat from 
the filament to the sheath. 



a heating filament; 

a sheath surrounding the heating element: and 
a sealing material comprising a diamond pow- 
der disposed inside the sheath to conduct heat 2S 
from the filament to the sheath. 

2. The heating element of claim 1 ; wherein the sealing 
material further includes a filler material. 

30 

3. The heating element of claim 1 or claim 2. wherein 
the sealing material further includes magnesium ox- 
ide. 



4. The healing element of any of claims 1 to 3, wherein 3S 
the sealing material further includes boron nitride. 

5. The heating element of any of claims 1 to 5, wherein 
the diamond powder has a particle size of about five 

to fifty microns. <*o 

6. The heating element of claim 5, wherein the dia- 
mond powder has a particle size of about fifteen to 
thirty microns. 

•iS 

7. The heating element o( any of claims 1 to 5 ; wherein 
the diamond powder has a particle size selected to 
provide the sealing malerial wilh a thermal conduc- 
tivity of several hundred watts per meter per degree 
Kelvin. so 



8. "The heating element of any of claims 1 to 7. wherein 
the diamond powder has a particle size selected to 
provide the sealing material with an electrical resis- 
tivity of about 10 16 . 55 

9. The healing element of any of claims 1 to 3, wherein 
the diamond powder has a particle size selected to 
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(54) A heating element with a diamond sealing material 



(57) A substrate support plate including a heating 
element (24) for use in a process chamber is described. 
The heating element includes an outer sheath (30), a 



heating filament (32) and a thermally-conductive and 
electrically insulative sealing material (34). The seating 
material comprises a diamond powder. 
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